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Abstract 
Bench pressing is one of the most popular strength exercises, used for general conditioning by athletes in many sports. It is 
also part of powerlifting and a sport on its own. Twenty international-level athletes took part in this investigation. The activity 
of four muscles was measured: the pectoralis major (PM), the anterior deltoid (AD), the lateral head of triceps brachii (TB), 
and the latissimus dorsi (LD), in four tasks. The pectoralis major showed no significant differences in muscle tension in 
relation to the lifted load. For the ascending phase, rise in muscle tension during external load increase was greatest for the 
Anterior Deltoid and Triceps Brachii muscles. 
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1. Introduction 
Bench pressing is one of the most popular strength exercises, used for general conditioning by athletes of 
many sport disciplines. It consists in two phases: the ascending and the descending phase. The most important is 
the first one, the ascending phase (Król et al. 2010). It is also part of powerlifting and a sport discipline on its 
own. The available data regarding bioelectrical activity of particular muscle groups during bench pressing is 
incomplete. The main objective of this study was to determine the input of different muscle groups during the 
ascending phase of bench press with different external loads.  
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2. Methods and procedure 
2.1. Participants 
Twenty athletes with international sports level took part in this investigation. All subjects were required to 
have at least 5 years of weight lifting experience prior to the study.  
2.2. Exercise protocol  
After a general warm-up, each subject performed a specific warm-up that consisted of two sets of the bench 
press with 6 rep. at 60%1RM. The 1RM value was used to determine the intensities of particular bouts that were 
applied during the testing session. The main session included four sets of one rep. of the flat bench press with 70, 
80, 90, and 100 % of 1RM. 
2.3. Electromyography 
The activity of four muscles was measured: the pectoralis major (PM) the anterior deltoid (AD), the lateral 
head of triceps brachii (TB), and the latissimus dorsi (LD), in four tasks. The EMG signals were measured by a 
Pocket EMG System (BTS Company, Italy). All active channels were the same, and the measuring range was 
fitted to the subject (typically +/- 10mV). The analogue signal was converted into a digital one with 16 bit 
sampling resolution and collected on measure unit.  
2.4. Data collection 
Multidimensional movement analysis was made with the measuring system Smart-E (BTS, Italy) which 
consisted of six infrared cameras (120Hz) and a wireless module to measure muscle bioelectric activity (Pocket 
EMG). For further analysis, separate tension values of the 4 chosen muscles were considered during ascending 
(A), descending (D) and the whole movement (Sum).  
2.5. Statistical analysis 
After calculating the average values (x) and standard deviations (±SD), particular groups of presses with 
different loads were compared by ANOVA.  The statistical analysis was directed at determining dependent 
variables differentiated by the independent variable. The statistical analyses were performed with the use of 
Statistica 9.1 software with a data mining module.   
3. Results  
The results of ANOVA indicate significant differences in bioelectrical muscle activity in particular muscle 
groups, during the ascending phase of the lift under different external loads: Anterior Deltoid activity (ADA - 
F=5.73, p=0,001), Triceps Brachii activity (TBA - F=34.12, p=0,001), Latissimus Dorsi activity (LDA - F=23.22, 
p=0,001.   
The pectoralis major (PMA), showed no significant differences in muscle tension in relation to the lifted load 
(Fig 1). A verification of data (Levene’s test) indicated the greatest increase of bioelectrical activity with 
increased external loads in the latissimus dorsi during the descending phase of movement (F=0,006, p=0,011). 
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Fig 1.  Average values of four anterior deltoid, pectoralis major, triceps brachii and latissimus dorsi, during the bench press with an external 
load of 70, 80, 90 and 100% 1-RM 
 
Next, the correlation matrix was made for the verification. Results showed no correlation between PMA and 
the results of bench pressing (r=0.01). Further, showed very high value of correlation between Y-results of bench 
pressing and variables: ADA (r=0.29), TBA (r=0.56), LDA (r=0.50).  
4. Discussion  
During the ascending phase of bench pressing the greatest muscle tension was observed in the triceps brachii. 
Smaller values were reached for the anterior deltoid and latissimus dorsi in that order. It is interesting to notice 
that the muscle tension of pectoralis major during the ascending phase of bench pressing do not increase 
significantly with the rise in external load, yet the high values of bioelectrical activity classify this muscle as 
dominant. Pectoralis major is the muscle which activity regardless of the weight lifted is kept constant and high 
level (Barnett et al, 1995; Welsch et al, 2005, Lehman et al, 2006; Santana et al, 2007). Such activity classifies it 
as the primary muscle in the bench pressing, but it not determines the lifting increasingly heavier loads. The 
study of muscular activity must be based on verified load about 1-RM (Whisenant et al, 2003; Santana et al, 
2007; Van Den Tillaar and Ettema 2009), because only in 1-RM  takes the largest mobilization for athletes. The 
activity of triceps brachii, showed the statistically significant value of correlation with bench pressing ascending 
phase. This muscle will be responsible for raising ever larger loads. Correlation analysis revealed, that the 
latissimus dorsi showed the second range of correlation ratio, due to small bioelectrical activity values of the 
muscle, as it’s the main reason of his stability function only (Lehman, 2006). Although, the analysed muscle 
anterior deltoid was on the third place, the high bioelectrical activity value show his great roles for the bench 
pressing, similar to triceps brachii. 
In contrary to other authors, our data indicates a significant increase in muscle tension of AD and TB with a 
rise in external load during the flat bench press (Santana et al. 2007; Barnett et al. 1995). The latissimus dorsi, 
despite a significant rise in muscle tension which accompanies external load increase should not be classified as a 
dominant muscle group in bench pressing because of the relatively low bioelectrical muscle activity, what has 
been confirmed by other researchers (Santana et al. 2007; Van Den Tillaar and Ettema 2009).  
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5. Conclusion  
The changes in bioelectrical muscle activity during the flat bench press related to an increase in external load 
are caused by a rise in muscle tension of AD and TB, while the tension of PM remains almost unchanged.  
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